ABSTRACT
The majority of adenocarcinoma of the pancreas are non-resectable at diagnosis due to locally advanced or metastatic disease. There will be an estimated 28,900 new cases of pancreatic cancer diagnosed in the United States in 1998. In data collected from 1986-1993, the five year survival of all stages combined was 4%. Realizing that most patients present with advanced disease, and there are no acceptable screening methods to detect early stage disease, efforts to develop active anti-cancer agents with minimal toxicity are essential in order to improve the quality of life and survival. Several 5-fluorouracil based regimens have been tried without a significant impact on palliation or survival. Recently, the anti-metabolite gemcitabine has been approved for use in individuals with locally advanced and metastatic disease, primarily on the basis of improved functional status. Many cytotoxic agents have proven ineffective in the treatment of this disease. There are several ongoing studies investigating the role of new cytotoxic and biologic agents.
INTRODUCTION
There will be an estimated 564,800 cancer deaths in the United States in 1998, of which 28,900 will be due to pancreatic cancer, making it the fifth leading cause of cancer deaths (1) . During that same period, 29,000 cases of pancreatic cancer will be diagnosed. Needless to say, our current therapy appears not to have a major role in curing this disease. In fact, the five year survival for all stages between 1986-1993 was 4%. The 5 year survival for localized disease was 14%, for regional disease 5%, and for distant disease 2% (1) . The majority of patients, more than 80%, are diagnosed with either locally advanced or distant disease, deeming them unresectable.
Although gemcitabine was recently approved and is the standard therapy for locally advanced and metastatic adenocarcinoma of the pancreas, it appears to marginally prolong survival, having its major impact on improvement of functional status. Many combination chemotherapy regimens have been published, but none have been demonstrated in phase III randomized trials to be superior to single agent therapy with 5-FU, but are associated with greater toxicity.
SINGLE AGENT CHEMOTHERAPY
Few single agents have demonstrated more than a 15% response rate in phase II clinical trials (table 1). As is the case for most gastrointestinal tumors, 5-fluorouracil has been the most commonly used agent as the first line therapy for pancreatic cancer until recently. Gemcitabine is now widely accepted to be the most active commercially available agent for this disease.
Gemcitabine
Gemcitabine (difluorodeoxycytidine) is a deoxycytidine analog resembling cytosine arabinoside (ARA-C), that requires intracellular phosphorylation by deoxycytidine kinase to become active. The active agent, difluorodeoxycytidine triphosphate (dFdCTP), accumulates within the cell and inhibits DNA synthesis by competing with deoxycytidine triphosphate (dCTP) for incorporation into DNA (2, 3) . Gemcitabine also appears to stimulate the activity of deoxycytidine kinase and inhibits ribonucleotide reductase, which reduces the pools of deoxynucleoside triphosphate, and inhibits deoxycytidine monophosphate (dCMP) deaminase, the primary enzyme responsible for degradation of gemcitabine (4, 5) . The initial phase II study evaluated gemcitabine in 44 patients with advanced pancreatic cancer at doses of 800-1,250 mg/M2/week, and reported a partial response rate of 11% with a median response duration of 13 months, and a 23% one year survival (6). Interestingly, not only the patients with objective tumor response, but also the patients with stable disease experienced symptomatic improvement (6) . In another phase II study of 32 patients, an objective response rate of 6.3% was obtained (7) . In both of these studies, patients appeared to have improvement of symptoms without objective tumor response. In a multi-center randomized trial by Burris, et al., the concept of symptomatic improvement or "clinical benefit", was analyzed. In addition, objective response and survival in previously untreated patients was examined (8) . Clinical benefit was determined by monitoring three variables: pain (quantitated by an MPAC visual analog scale and an analgesic diary), Karnofsky Performance Status, and weight (6) . One hundred twenty six patients were randomized equally to receive gemcitabine 1,000 mg/M2 weekly x 7 weeks followed by a one week break, then weekly for 3 of 4 weeks per cycle, versus 5-fluorouracil 600 mg/M2 weekly (8) . Gemcitabine treated patients experienced a 23.8% clinical benefit response compared to 4.8% of the 5-FU treated patients (P=0.0022) (8) . The median survival was 5.65 versus 4.41 months (P=0.0025) for the gemcitabine and 5-FU arm, respectively, and the 1 year survival was 18% versus 2% (8) . All patients progressed within 14 months of starting therapy, and none survived beyond 19 months (8) . An objective tumor response rate of 5.4% for gemcitabine and 0% for 5-FU was reported (8) . Both treatments were well tolerated, with neutropenia, liver function abnormalities, nausea and vomiting being the most commonly reported grade 3/4 toxicities (8). Rothenberg, et al. found the clinical benefit to extend to patients who were 5-FU refractory as well, with a response rate of 27% in 63 patients (9).
5-Fluorouracil
Prior to the approval of gemcitabine, 5-fluorouracil (5-FU) was the most commonly administered agent for adenocarcinoma of the pancreas, and has been the most frequently studied. Response rates of 0-67% have been reported for single agent bolus 5-FU, with an overall response rate of 28% (10) . Recent trials have shown the objective response rate to be less than 15%. Earlier studies showing higher response rates may be due to the parameters of response evaluated, such as physical examination or laboratory indices. There is no standard way of administering 5-FU for this disease: bolus, 24 hour continuous infusion, protracted venous infusion or chronotropically. In a phase II study presented in abstract form, Ardalan and colleagues demonstrated a 41% response rate to a weekly 24 hour infusion of FUDR (5-fluorodeoxyuridine) in patients with unresectable pancreatic cancer who previously failed 5-FU or gemcitabine (11).
5-Fluorouracil Modulation
Several studies have examined the effect of modulation of 5-FU, but have not yielded significant improvement over 5-FU alone. Modulation of 5-FU by leucovorin, resulting in improved response by enhancing the inhibition of thymidylate synthetase in colorectal cancer, is well accepted. Crown and colleagues failed to demonstrate a single response to leucovorin 500 mg/M2/day for 6 days by continuous infusion, with 5-FU 370 mg/M2/day by bolus for 5 days, in 20 patients studied (12) . There was no impact on survival, with a median survival of 10 weeks. The Mayo regimen of 5-FU and leucovorin daily for 5 days every 4-5 weeks has demonstrated no objective responses in 31 patients, with a median survival of 5.7 months (13). DeCaprio, et al. reported a 7% partial response rate in 42 patients treated with weekly leucovorin 500 mg/M2 and 5-FU 600 mg/M2 for 6 of 8 weeks, with a median survival of 6.2 months (14) . Other modulators of 5-FU such as PALA (N-{phosphonacetyl}-L-aspartic acid), methotrexate, hydroxyurea and interferon have also been studied, and show no significant benefit over 5-FU alone, but do show a greater toxicity (15-24).
Other cytotoxic agents
Single agent epirubicin has a reported response rate of 0-37% and doxorubicin a response rate of 13% (10, (25) (26) (27) (28) . Mitoxantrone was studied in 24 patients and yielded no responses (29) . Mitomycin-C has a reported response in 12 of 44 patients (27%), based on 4 phase II studies performed prior to 1970 (10) . The nitrosoureas BCNU, CCNU, methyl-CCNU and streptozotocin have single-agent responses of 0%, 16%, 0%, and 11%, respectively, based on CTEP (Cancer Therapy Evaluation Program) data (10) . Although ifosfamide at a dose of 1.25-2 g/M2/d x 5 days every 3 weeks in 29 patients initially showed a response rate of 22%, including one complete response, another study using a similar dose and schedule obtained a 7% response rate, including one complete response (30, 31).
The topoisomerase I inhibitors, topotecan and irinotecan, have demonstrated minimal response rates of 0% in 2 studies, and 9%, respectively (32-34). RFS 2000 (9-Nitro-20(S)-Camptothecin-9NC) was evaluated in 53 patients, with a reported response rate of 32%. The responses in these cases were based not only on decrease in tumor volume on CT scan, but also by tumor markers and symptoms (35). The antifolate edatrexate has shown 0 and 5% response rates in 2 phase II studies, while trimetrexate had a 0% response rate (36-38). The taxanes have shown minimal activity in pancreatic cancer. Paclitaxel at a dose of 225 mg/M2 by 24 hour infusion, with prophylactic G-CSF, yielded a response rate of 8%, including one complete response, with a median survival of 5 months (39). Paclitaxel has also been studied in combination with radiation therapy for locally advanced disease (40). Docetaxel was initially reported to have a response rate of 21% in 42 patients with metastatic and locally advanced disease (41). Okada and Taguchi reported no objective responses in 16 patients who received Docetaxel 60 mg/M2 every 3 weeks (42). Kouroussis and colleagues reported an overall response rate of 6%, including 1 complete response, but interestingly, 58% of their patients had stabilization of disease (43). Similar to the findings with gemcitabine, 27% of patients had improvement in performance status and symptoms (43).
HORMONAL THERAPY
Pancreatic tumors express receptors to sex hormones (44). Several studies have suggested activity of tamoxifen in pancreatic cancer, but a randomized doubleblind trial showed essentially no difference between the two groups: median survival was 115 days for the tamoxifen arm and 122 days for the placebo group, with a 1 year survival of 8% in both (45-47). Studies evaluating the LH-RH inhibitor goserelin, with or without hydrocortisone, have failed to demonstrate activity (48, 49). Octreotide has demonstrated in vitro inhibition of human adenocarcinoma cell lines, but showed no significant responses or effect on survival in two studies of 34 and 32 patients with metastatic pancreatic cancer (51-53). Octreotide has also been administered in combination with goserelin, resulting in a response rate of 7% (54) . The long acting somatostatin analog, SMS 201-995 pa LAR (SMS pa LAR), was recently evaluated in two studies. In the first study, 185 patients were randomized to receive either SMS pa LAR or placebo. No objective responses were observed, and the median survival was 16 weeks versus 16.9 weeks, respectively (55) . In another randomized study, 281 patients received 5-FU 225 mg/M2/day by continuous infusion for 8 weeks followed by a one week break, and were randomized to receive monthly SMS pa LAR versus placebo. One complete and one partial response was seen in the SMS pa LAR group, and one partial response in the placebo group, with a median survival of 22.6 and 21.6 weeks, respectively (56) .
An antagonist to the cholecystokinin receptor, MK 329, showed no responses in 18 patients (57). The CCK-A receptor antagonist loxiglumide was studied in a randomized trial versus placebo in patients with advanced disease, and also showed no significant impact (58).
COMBINATION CHEMOTHERAPY REGIMENS
For most malignancies, the first line treatment for a patient with a good performance status is combination chemotherapy. Individual drugs are chosen based on their known single agent activity and ideally synergistic activity, and complimentary, not overlapping toxicity. Such strategies have been successful for malignancies such as acute leukemia, non-Hodgkin's lymphoma, breast, head and neck, and lung cancer. Although several regimens have been tested in pancreatic cancer, none have reproducibly shown a benefit to single agent therapy in randomized phase III trials (table 2). The development of new and more active agents against this disease may ultimately result in more potent and hopefully less toxic combinations. Nearly all combination regimens studied for pancreatic cancer include 5-FU.
FAM regimen
The combination regimen FAM (5-FU 600 gm/M2 weeks #1, 2, 5, and 6, doxorubicin 30 mg/M2 on weeks #1 and 5, and mitomycin-C 10 mg/M2 on week #1, repeated every 8 weeks), was initially evaluated in patients with gastric cancer, resulting in a median survival of 5.5 months and partial remission rate of 50%, in 36 patients studied (59). This same regimen was then studied in 39 patients with metastatic pancreatic cancer. The median survival of all patients was 6 months, with a partial response rate of 37% (60) . In those that responded, the median survival was 12 months compared to 3.5 months in non-responders (60) . In a small study by Bitran, et al., 40% of the 15 patients treated with FAM experienced a response, with a median survival of 12 months (61). The North Central Cancer Treatment Group (NCCTG) performed a randomized study in 305 patients evaluating three regimens: 5-FU, 5-FU with doxorubicin (FA), and 5-FU with doxorubicin and mitomycin-C, in patients with gastric and pancreatic cancer (62) . There were 144 patients with pancreatic cancer in this study, and 33 were evaluated for response. The objective response rates for this group were 24%, 29% and 23%, respectively, for the 5-FU, FA and FAM arms, and the median survival for the entire group was 22 weeks (62). Both combination regimens proved to be more toxic and costly. Other studies have reported similar survival (63).
5-FU + Nitrosoureas
The earliest studies of combination therapy evaluated the contribution of the nitrosoureas to 5-FU. In a Veterans Administration study, 5-FU and CCNU resulted in a median survival of 3 months (64). In a trial comparing the combination 5-FU and methyl CCNU versus 5-FU and mitomycin-C, the response rate was 5% and 22%, respectively, again without a survival advantage (65). Abderhalden and colleagues initially studied the combination of SF (Streptozotocin 300 mg/M2/day x 5 days and 5-FU 500 mg/M2/day x 5 days every 4 weeks) with and without mitomycin-C 10 mg/M2 every 8 weeks in 26 patients (66) . The three drug regimen yielded a slightly higher response rate of 31% versus 21% (66). Wiggans et al. evaluated the regimen SMF (streptozotocin 1 g/M2 weeks #1, 2, 5 and 6, mitomycin-C 10 mg/M2 on week #1, and 5-FU 600 mg/M2 on weeks #1, 2, 5 and 6, repeated every 8 weeks), in 23 previously untreated patients with advanced and metastatic pancreatic cancer. They reported a response rate of 43%, which included one complete response and a median survival of 6 months (67). Measure of response was either by palpation (hepatomegaly), x-ray, ultrasound or by CT scan, which may have, at least to some extent, over-estimated the responses. The Southwest Oncology Group (SWOG) performed a prospective randomized trial of streptozotocin, mitomycin-C and 5-FU versus mitomycin-C and 5-FU (68). In 116 patients evaluated, the response rate to SMF was 34% and to MF 8%, with no difference in overall survival: 18 versus 17 weeks (68).
FAM versus 5-FU + Nitrosourea combinations
Several studies were initiated to evaluate FAM with combinations including streptozotocin. Bukowski et al. studied a new regimen, FAM-S (5-FU, doxorubicin, mitomycin-C and sreptozotocin). Twenty-five patients with metastatic disease were enrolled, with 48% of patients experiencing a response, 4 with stable disease, and a median survival for the entire group of 6.75 months (69). FAM was compared with two different regimens of SMF by the Gastrointestinal Tumor Study Group (GITSG). They found no difference in the response rates or survival of the 133 patients studied. The response rate for the FAM arm was 14% with a median survival of 3 months, compared to 14% and 15%, with a median survival of 4.5 months for the SMF arms (70) . Leucovorin has also been added to the SMF regimen. Douglass, et al recently reported a 27% response rate, including 2 complete responses, with a median survival of 7.5 months, in a phase II study of 28 patients (71). The Cancer and Leukemia Group B (CALGB) randomized 196 patients with advanced pancreatic cancer to receive FAM versus FSM (5-FU, streptozotocin and mitomycin-C). The response rate and median survival for the FAM arm was 14% and 26 weeks, respectively, and for the FSM arm, 4% and 18 weeks, respectively (72).
Mallinson Regimen
The Mallinson regimen includes 5-FU, cyclophosphamide, methotrexate, and vincristine, followed by 5-FU and mitomycin-C as maintenance chemotherapy. In a randomized phase II study of this regimen versus supportive care, the median survival of the treated group was 44 weeks versus 9 weeks in the supportive care group (73) . The study group consisted of 40 patients who were found to be unresectable at the time of surgery. A followup study randomized 187 patients to one of 3 arms: 5-FU, the Mallinson regimen, or 5-FU, doxorubicin and cisplatin. The response rates of the 3 arms in the 41 patients with measurable disease were 7%, 21% and 15%, with a median survival of 4.5, 4.5, and 3.5 months, respectively (74).
Platinum regimens
Cisplatin (CDDP) has demonstrated moderate activity in in advanced pancreatic cancer (75) . Cisplatin 100 mg/M2 with 5-FU 1,000 mg/M2/day by continuous infusion for 5 days in 40 patients, resulted in a response (77, 78) . A 21% response rate was observed with the addition of leucovorin to 5-FU and CDDP (79) . Both epirubicin and doxorubicin have been combined with 5-FU and CDDP, but have resulted in no significant impact on survival, but with increased toxicity (80, 81) . A non-5-FU containing regimen, CAC (CDDP, cytosine arabinoside and caffeine), yielded a 39% response rate in 18 patients (82) . A randomized trial comparing CAC to SMF was not as encouraging, with a response rate of 7% versus 10%, and a median survival of 3.5 versus 5.3 months, respectively, in 82 patients studied (83) . The Mid-Atlantic Oncology Program studied carboplatin administered weekly with 5-FU by protracted venous infusion in 54 patients with advanced disease. Of the 47 patients who were evaluable, 17% responded, including 2 complete responses, with a median overall survival of 22 weeks (84) . Although modulation of 5-FU by interferon has not proven beneficial in this disease, Sporn and colleagues evaluated the addition of leucovorin and CDDP to this regimen, in 16 patients. They reported a partial response rate of 37.5%, resulting in a survival for the responders of greater than 8 months, but an overall median survival of 5 months, similar to most other single agent studies (85).
5-FU and Gemcitabine
Gemcitabine appears to be the most active single agent available for the treatment of pancreatic cancer, with an acceptable toxicity profile, which is predominantly neutropenia. It is not surprising that several combinations evaluating gemcitabine with 5-FU have been studied. As was the case for the single agent studies of gemcitabine, these studies have examined the clinical benefit response. In the first study, 54 patients received gemcitabine 1,000 mg/M2 and 5-FU 600 mg/M2 weekly for 3 of 4 weeks each cycle. A clinical benefit response was reported in 51%. Two patients had a partial response and 34 stable disease, with a median survival of 7 months (86). In a doseescalation study of gemcitabine starting at 700 mg/M2/week for 3 weeks of a 4 week cycle, and fixed dose 5-FU 200 mg/M2/day by protracted venous infusion, a clinical benefit response was reported in 55% of 26 patients studied, with an overall response rate of 16% and median survival of 10.4 months (87). The recommended dose for further studies was gemcitabine 900 mg/M2/week with the 5-FU at 200 mg/M2/day (87) . The Eastern Cooperative Oncology Group (ECOG) completed a phase II study evaluating 37 patients who received gemcitabine 1,000 mg/M2 and 5-FU 600 mg/M2 weekly for 3 of 4 weeks per cycle. The combination was well tolerated, but the results have not yet been published. ECOG recently launched a phase III study comparing the same regimen to gemcitabine 1,000 mg/M2 alone. A phase I study of weekly gemcitabine at a fixed dose of 1,000 mg/M2 with leucovorin 200 mg/M2 followed by a 24 hour infusion of 5-FU starting at 750 mg/M2 administered weekly for 4 of 6 weeks, found the maximum tolerated dose of 5-FU to be 1,000 mg/M2 (8) . Of the 13 patients enrolled on the study, 6 achieved stable disease (88).
Other 5-FU Combinations
In a phase II trial of sequential high-dose methotrexate, 5-FU and doxorubicin, 4 of 25 evaluable patients demonstrated a response, with an overall median survival of 6.7 months (89). The anthracycline epirubicin, when added to bolus 5-FU, resulted in a 14% response rate with a median survival of 4 months (90). The addition of CDDP to epirubicin and 5-FU resulted in a response rate of 17.3%, but with considerable toxicity (80).
BIOLOGICAL AND GENE THERAPY
Several monoclonal antibodies have been used in the treatment of pancreatic cancer. The 17-1A monoclonal antibody recognizes a glycoprotein on many gastrointestinal adenocarcinomas. In one study, evaluating the 17-1A monoclonal antibody, 1 of 28 patients responded (91) . In another study, 30 patients received the antibody with gamma interferon. Only one of the 25 patients experienced a response (complete) (92).
Interferon alpha in combination with 13-cisretinoic acid failed to show a single response (93) . There have been many studies evaluating interferon with 5-FU, with or without leucovorin. Although response rates and survival may be comparable to 5-FU alone, the toxicity is significantly higher (17, 18, (21) (22) (23) (24) .
Giantonio and colleagues completed a phase I study of a recombinant E. Coli derived fusion protein of Staphylococcal enterotoxin A and the Fab-fragment of the C242 monoclonal antibody in patients with advanced colorectal and pancreatic carcinomas (94) . The aim of this approach is to generate a local cytokine release at the site of the tumor, with ultimate regression of tumor (94) . The majority of pancreatic cancers possess K-ras mutations. In a small phase I/II study of 5 patients, 2 patients exhibited an immune response against synthetic peptide loaded antigen presenting cells from the patient (95).
Gene therapy is an active area of investigation, but at present, there have been little data generated in humans. The herpes simplex virus thymidine kinase gene (HSV-TK), when transduced into pancreatic carcinoma cells, makes these cells susceptible to ganciclovir, resulting in tumor regression. Delivery systems have been created with adenovirus and liposomes (96) (97) (98) (99) .
PERSPECTIVE
Although many active combination regimens have improved response rates and prolonged survival in several tumor sites, chemotherapy for metastatic pancreatic cancer has had little impact. It is encouraging that after more than 30 years, a new drug is now part of the armamentarium for this disease. Combination regimens, when taken to phase III studies, have consistently resulted in minimal activity with moderate toxicity. There are already several phase II studies of gemcitabine with 5-FU that appear to yield improved response rates and marginal survival advantage, in the absence of significant toxicity. Phase III studies, as is on ongoing in ECOG at this time, will determine whether this regimen should become the new standard for advanced and metastatic disease. Presently, gemcitabine should be considered the standard regimen by which other agents are compared. There is urgent need for the development of new agents with significant impact on the course of this disease. These agents may not be standard cytotoxic chemotherapy, but instead gene therapy or antiangiogenesis agents. All eligible patients with advanced pancreatic cancer should be encouraged to participate in clinical trials. In addition to objective response and survival data, such trials must evaluate the impact of therapy on quality of life, and report a clinical benefit response,. In the absence of a clinical trial, the medical oncologist should base therapy on the patient's performance status and symptoms, and choose an appropriate therapy based on available data, keeping in mind that combination therapy has not consistently resulted in a significant prolongation of survival. It is essential to maintain a reasonable quality of life, which a toxic regimen can easily disturb. 
